Hydraulic and layer parameters of groundwater aquifer have been evaluated in parts of Buruku and Gboko local government area councils, for the primary purpose of assessing quality and potential of groundwater in the areas. A total of 18 Vertical Electrical Sounding (VES) stations were occupied along traverse lines using the Schlumberger electrode configuration. The results revealed a characteristic QQA, QHH and QH type curves, with 6 -7 geoelectric subsurface layers. The geoelectric layers are dominantly sandy with intercalations of shale at shallow depths in most stations. The aquiferous layers were delineated at the fourth and fifth geoelectric layers with average aquifer resistivity and depth of 420.56 Ω·m and 69.1 m, respectively. Groundwater flow is generally from the northeast to the southwest in line with the tectonics of the Benue trough. Two potential groundwater zones were delineated. These are the zone of poor quality water to the north (central) and east of the area of high potential and the zone of quality groundwater to the northeast, west and southwest of low potential. The study revealed that productive boreholes for excellent and sustainable yields were more viable in the northern (central) and eastern parts of the study area than in the northeast, west and southwest parts.
water. It supplies fresh drinking water for over 95% of the world population. This is especially important in parts of the world that do not have ample surface water sources.
Groundwater is stored in a geologic formation called aquifer. Aquifer is a water bearing layer which produces economically useful amount of water to springs and well. They are typically made up of gravel, sand, sandstone or fractured rock. The regional distribution on earth, however, varies and depends mainly on climatic conditions as well as the geology of the subsurface (Sophocleous, 2000; Alley and Leake, 2004) [1] [2] .
The study area is located in parts of Buruku and Gboko local government council areas in Benue state ( Figure 1 ). These areas lie within the lower Benue trough and is known to have challenges as regards to groundwater quality and, the hydraulic characteristics of the aquifer are not reliably known in other to assess groundwater potentials.
The areas have large deposits of baryte and associated minerals at relatively shallow depth, which is extracted largely through artisanal mining. Unfortunately, these mineralization and lithological complexities greatly affects groundwater features in the area.
Groundwater in these areas is assessed through hand dug wells that rarely exceeds 20 -30 ft in depth. These well waters are colourless and occasionally sparingly whitish, but tasty, which may be associated with the mineralogical and lithological characteristics of the formation. The majority of the local populace is farmers who depend solely on groundwater from the wells for drinking and domestic uses and therefore, requires potable drinking water for healthy living. Nwankwo, 2010) [7] [8] [9] [10] [11] . This is based on the fact that aquifer resistivity is mostly influenced by porosity and fluid resistivity which depend on the salinity, a function of the total dissolved solids (TDS) in the permeating fluid. The amount of TDS determines the groundwater quality which can be adjudged from the aquifer resistivity (Ehirim et al., 2015) [12] . High and low aquifer resistivities are correlated with good and poor groundwater qualities, respectively. Also, the physical factors controlling electric current flow control the flow of water in porous media. As such, hydraulic and electrical conductivities are dependent on each other and governed by the same physical parameters of the rock materials.
Thus, hydraulic parameters of the aquifer can be derived from surface geoelectric measurements obtained by the interpretation of vertical electrical sounding data (Salem, 1999) [13] .
The vertical electrical sounding (VES) is a simple, low cost and high resolution geoelectrical technique. It has proved very useful in groundwater exploration and water quality evaluations because of the theoretical, operational and interpretational ease.
Additionally, the control over depth of investigation, portability of the equipment, availability of wide range of simple and elegant interpretation techniques and related softwares make this technique be the explorer's choice for groundwater investigations.
The technique employs collinear arrays of four electrodes to measure subsurface potential distribution due to variations in conductivity within the earth's subsurface arising from induced electric current flow. The degree of this effect depends on the size, shape, location and bulk electrical resistivity of the subsurface layers. The result of VES measurement can be interpreted qualitatively as well as quantitatively. Quantitative interpretation is directly used in the evaluation of potentials and assessment of groundwater quality in this study.
The present study aims at assessing groundwater quality and evaluating aquifer hydraulic parameters to possibly delineate areas with quality groundwater and high aquifer potential using geoelectric method.
Geology of the Study Area
The study area is geologically underlain by the Eze-Aku shale Formation of Cretaceous age. Eze-Aku Formation consists of calcareous shales, micaceous fine to medium grained sandstones and shelly limestones (Figure 1 ), which plays significant role in the availability of both surface and groundwater (Kogbe et al., 1978) [14] . Locally, the shales grade into predominantly fluvial cross bedded sandstones of the Markurdi Formation, which is the main water bearing unit in the area. The formation is characterized by ferrugenized sandstones and to a lesser extent shale, quartz and calcite rocks in places (Offodile, 1976) [15] .
Many mineralized baryte veins occupy E-W, NW-SE, and N-S fractures within the study area. Mineralization is structurally controlled and more or less confined to the limit of these faults (Chaanda et al., Wright, 1976) [16] [17] .
The study area is generally gently undulating and punctuated by few low hills and valleys at places. The vegetation is typically savannah with stunted trees and herbs. Recharge is principally by precipitation and most of the water goes into underground storage.
Methodology
A total of eighteen VES stations were occupied and mostly situated in areas of artisanal barite mining activity in the study area. The location of the VES stations was selected based on the surface assessment of the area in terms of space, topography and cultural barriers. In the majority of cases, the VES stations were separated 200 m apart, except were the effect of topography and cultural barriers could not be avoided in the survey.
Data was acquired using the Schlumberger electrode configuration with maximum half current electrode spacing (AB/2) and half potential electrode spacing (MN/2) of 400 m and 50 m, respectively. The surveys were carried out using ABEM Terra metre SAS 1000B resistivity meter.
The acquired resistance date was converted to apparent resistivity data using the appropriate geometric factor and subsequently, inverted using IP2WIN automated inversion software. This was necessary to allow for the interpretation of field data for saturated zones and estimation of hydraulic parameters in the study area.
The hydraulic conductivity K was estimated using Equation (1);
Where ρ a equals to the apparent resistivity of the formation. This is a non-linear relationship between hydraulic conductivity (K) and apparent resistivity (ρ a ) by Singh (2005) [18] .
The transmissivity T is calculated from Equation (2) as;
where b is the aquifer thickness Layer parameters and the calculated hydraulic parameters (K, T, S and σ) from VES results were used to generate property maps using surfur 10 software for the purposes of assessing quality and evaluating groundwater potentials in the study area.
Result Presentation
The modeled curves are of the QQA, QHH and QH type curves with 6 -7 geoelectric NE-SW aquifer depth gradient, which probably suggests that groundwater flows from the NE to the SW of the area. Groundwater to the SW area of the study is suspected to be of high quality than the NE due to increasing depths of the aquifers in the study area. The longitudinal conductance map ( Figure 5 ) shows low aquifer conductance to the north east, west and south west and medium to high conductance values to the north (central) and east of the area. Low conductance values is interpreted as low aquifer protective capacity due little or no overlying shale bed and medium to high conductance as high aquifer protective capacity due to thick overlying shale bed in the study area.
The hydraulic conductivity map ( Figure 6 ) show low hydraulic conductivities to north east, west and south west, while medium to high conductivities were delineated to the north (central) and south east. Low conductivity values are interpreted as low permeable aquifers, while high conductivities are interpreted as high permeable aquifers in the study area.
The transmissivity contour map ( Figure 7) show low transmissivity values to the north east, west and south west, while medium to high transmissivity were delineated to the 
Discussion of Result
Hydraulic and layer parameters of groundwater aquifer have been evaluated in parts of Buruku and Gboko local government area councils, for the primary purpose of assessing quality and potential of groundwater resources. The result of study show characteristics QQA, QHH and QH type curves with 6 -7 geoelectric subsurface layers. The geoelectric layers are dominantly sandy with intercalations of shale at shallow depths. The aquiferous layers were delineated at the fourth and fifth geoelectric layers with average aquifer resistivity and depth of 420.56 Ω·m and 69.1 m, respectively, unconfined and with no evidence of confined or semi confined structures in the study area. The contour maps of layer and hydraulic parameters of resistivity, depth, longitudinal conductance, hydraulic conductivity and transmissivity derived from geoelectrical measurements were used to assess quality and potential of groundwater in the area. The maps revealed the anomalous distribution of these parameters in the study area, which are reflections of the saturation, mineralogy and lithological variability of the aquifer system.
Low resistivity distribution to the north (central) and eastern parts of the area is related to poor quality groundwater probably due to the effect of mineralization. Mineralization has the tendency to elevate TDS concentrations, which could lower the resistivity of groundwater. Medium to high resistivity distributions to the north east, west and southwest are correlated with saturated aquifer and thus high quality groundwater (Daniel et al., 2015; Reinhard and Daniel, 2002) [7] [9] .
The poor quality groundwater zones (low resistivity), probably due to mineralization, are associated with high longitudinal conductance, hydraulic conductivity and transmissivities in the north (central) and east of the area. These are glaring indications that the aquiferous layer in these zones is well protected from surface induced contaminant seepage due to impermeable overlying shale bed, highly permeable and of excellent yield. These results however, are in contrast to the high quality groundwater zones (medium to high resistivity zones), which correlates with low longitudinal conductance, hydraulic conductivity and transmissivity in the northeast, west and southwest of study area. This suggests that the aquiferous layer in these zones is poorly protected due to thin or absence of overlying shale bed. The aquiferous layer in these zones is hydrologically in contact with the surface and therefore prone to surface induced contaminations, less permeable and of poor yield (Ehirim and Nwankwo, 2010) [11] .
The aquifer depth map show a low in the northeast and medium to high to the East, west and south west of the study area. A generally NE-SW aquifer depth gradient was delineated, which probably suggests that groundwater flows from the NE to the SW of the study area. This revelation however, is in line with the trend of the lower Benue trough which validates our results (Wright, 1976) [17] .
Generally, two potential groundwater zones were mapped. The zones of poor quality water to the north (central) and east of high potential and the zone of high quality groundwater to the northeast, west and southwest of low potential.
Explorationist should therefore, strike the balance between the water needs of the people in terms of potential availability and the quality of the groundwater in the study area.
Conclusions
Groundwater features in the study area are better in the northern (central) and eastern parts than in the northeast, west and the southwest parts of the study area. Groundwater flow is generally from the northeast to the southwest in line with the tectonics of the Benue trough. Two potential groundwater zones are delineated. These are the zone of poor quality water to the north (central) and east of the area of high potential and the zone of quality groundwater to the northeast, west and southwest of low potential.
Based on these revelations, potable boreholes for groundwater development is more viable in the northern (central) and eastern parts of the study area than in the northeast, west and southwest of the study area. This should be further investigated since there are no existing boreholes in the study area to correlate the results of this research.
